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Abstract of corresponding document: EP0511744 
A multiplex transmission system of tills invention 
includes a plurality of multiplex nodes (11-17) 
interconnected by a common multiplex 
transmission line (18). Data frames are 
transmitted among tlie multiplex nodes througti 
the multiplex transmission line (18). A frame 
transmitted from a sending multiplex node (12) 
Includes a data area which is divided Into 
subdivided areas In accordance with data 
transmitted therefrom and data transmitted from 
receiving multiplex nodes (14-17) which send 
data in response to a send request, e.g., in 
accordance with the number of data pieces or the 
number of bits, and the receiving nodes send 
data to respective subdivided areas in a 
predetermined order, to thereby carry out a data 
transmission. Accordingly, the sending multiplex 
node (12) can simultaneously collect data from 
the receiving multiplex nodes (14-17) which are 
functionally subordinate. When any of the 
receiving multiplex nodes (14-17) fails to return 
an ACK signal, the sending multiplex node 
retransmits the frame. 















ii 














M 


















Ji 


M 




L 




ill 












r 



Data supplied from the esp@cenef database - Worldwide 



http://v3.espacenet.coni/textdoc?DB=EPODOC&IDX=DE69230738T&F=0 



06/30/08 



' Europaisches Patentamt 
@ ^Ujt European Patent Office 

Office europden des brevets 



@ Publication number: 0 511 744 A2 



EUROPEAN PATENT APPLICATION 



D Application number: 92302897.1 
5) Date of filing: 02.04.92 



@ Intel.": H04L1/00, H04L 1/16 



@ Priority : 02.04.91 JP 70033/91 

25.10.91 JP 279596/91 

@ Date of publication of application : 

04.11.92 Bulletin 92/45 



(H) Applicant : THE FURUKAWA ELECTRIC CO., 
LTD. 

e-1, 2-chome, MarunouchI Chiyoda-ku 
Tokyo (JP) 

@ Applicant : Mazda IWotor Corporation 
No. 3-1, Siiinclii Fuciiu-ciio 
Aki-gun Hirosliima-ken (JP) 

@ Inventor : Matsuda, Yutaka 

Goten-Haramori-Haitsu 102, 1-2-3, Goten 
Hiratsuka-shI, Kanagawa (JP) 
Inventor : Hashimoto, Kyosuke 
13-27, Sumlredalra 
HInatsuka-shi, Kanagawa (JP) 



Inventor : Moriue, HIroo 

Furukawra Apart 14-110, 17-35, Sumiredalra 

Hiratsuka-shi, Kanagawa (JP) 

inventor : Akimoto, Mitsuru 

Saneihaitsu II 403, 3-25-16, Yako 

Kanagawa (JP) 

Inventor : Hirano, Seiji 

2-13-5, Koiue, Nislil-ku 

Hiroshima-slii, Hiroshima (JP) 

Inventor : Terayama, Koji 

1-21-30, Inokuchidai, Nishi-ku 

Hiroshima-Shi, Hiroshima (JP) 

Inventor : Michihira, Osamu 

1-9-25, Misuzugaoka-mldori, Saiki-ku 

Hiroshima-shi (JP) 

Inventor : Sakamoto, HIroakI 

4-34-25, Tajimecho 

Fukuyama-shi, Hiroshima (JP) 

Inventor : Umegaki, Koji 

1-6-17, Shinonomehonmachi, MInami-ku 

Hiroshima-shi, Hiroshima (JP) 

@ Representative : Tomllnson, Kerry John 
Frank B. Dehn & Co. European Patent 
Attorneys Imperial House 15-19 Kingsway 
London WC2B 6UZ (GB) 



@ Multiplex transmission between nodes with acquisition signals and CRC calculation. 

@ A multiplex transmission system of this inven- 
tion includes a plurality of multiplex nodes 
(11-17) interconnected by a common multiplex 
transmission line (18). Data frames are transmit- 
ted among the multiplex nodes through the 
multiplex transmission line (18). A frame trans- 
mitted fi^om a sending multiplex node (12) in- 
cludes a data area which is divided into 
subdivided areas in accordance with data trans- 
mitted therefrom and data transmitted flrom 
receiving multiplex nodes (14-17) which send 
data In response to a send request, e.g., in 
accordance with the number of data pieces or 
the number of bits, and the receiving nodes ^rj 
send data to respective subdivided areas in a _ 
predetermined order, to thereby cany out a data u. 

' transmission. Accordingly, the sending multip- 
lex node (12) can simultaneously collect data 
firom the receiving multiplex nodes (14-17) 
which are functionally subordinate. When any 
of the receiving multiplex nodes (14-17) falls to 
return an ACK signal, the sending multiplex 

I node retransmits the lirame. 
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This invention relates to a multiplex transmission 
system for carrying out a data transmission among a 
plurality of multiplex nodes connected to a common 
multiplex transmission line, and more particularly, to 
a multiplex transmission system using CSMA/CD 
(carrier sense multiple access/collision detection). 

In conventional multiplex transmission systems 
of this type, a plurality of tenninals (multiplex nodes) 
are connected to a common multiplex transmission 
line (multiplex bus) formed of, e.g., a paired cable. 
One of the multiplex nodes sends a predetennined 
data frame to the multiplex bus In accordance with the 
CSMA/CD method, to thereby transmit data simulta- 
neously to the other multiplex nodes. The data frame 
includes an acknowledge signal (ACK signal) area at 
an end thereof. 

In such systems, it is Icnown that each of the mul- 
tiplex nodes that received the data frame returns an 
ACK signal to a bit position of the ACK signal area pre- 
assigned thereto. 

The multiplex nodes each Include a computer for 
communication, and these computers are operated 
independently of one another and able to send a data 
frame to the multiplex bus at desired timing. There- 
fore, a collision of transmitted messages can occur on 
the multiplex bus, and conventionally this Is prevented 
by setting a priority sequence for the transmission of 
individual messages. 

In accordance with the priority sequence thus set, 
each computer sends a message therefrom while car- 
rying out a priority control so that the message is not 
destroyed. Specifically, each computer carries out a 
data transmission according to a nondestructive arbi- 
tration type CSMA/CD access method in which the 
transmission of a message with a lower priority is au- 
tDmaticaily interrupted and only the higher-priority 
message is continuously transmitted. When the data 
is properly received, each multiplex node returns an 
ACK signal to a location of address uniquely assigned 
thereto (respective bit area in the ACK signal area). 

If a local error occurs in the network and the data 
received by a multiplex node is erroneous, then no 
ACK signal is returned from this multiplex node, and 
therefore, the sending multiplex node determines that 
an abnonmal situation occurred, and retransmits the 
data. The sending multiplex node repeats the trans- 
mission of the data, e.g., three times at the maximum, 
until all of the registered multiplex nodes return their 
ACK signals. 

A sending multiplex node uses an ACK manage- 
mentfunctlon, i.e., ifa node fails to return the ACK sig- 
nal even though the data transmission was repeated 
three times, such a node is regarded as being in trou- 
ble and Is excluded Itom the registered nodes, and 
when an extra ACK signal is received, the node cor- 
responding to this ACK signal Is registered. 

In the above-described multiplex transmission 
system, data transmitted from each multiplex node 



constitutes an independent frame, and therefore, 
where data from a plurality of multiplex nodes must be 
simultaneously transmitted to a certain multiplex 
node, the anival times of individual frames vary sig- 

5 nificantly due to a variation in the delay times resulting 
firom the traffic dependency. This phenomenon can 
cause a drawback in the case wherein an arithmetic 
operation must be carried out based on the received 
data to perfomi a different control on various devices. 

10 Namely, the Intended control cannot be executed. 

To eliminate this drawback, a time slot method in 
which data from a plurality of multiplex nodes is col- 
lected Into one frame may be used. In this method, a 
synchronizing signal, such as a synchronizing pulse 

15 indicating a data boundary, must be generated by a 
speoiflo node, and thus a centralized control system 
must be constructed. Therefore, this method cannot 
be applied to the case In which data obtained simul- 
taneously from a plurality of multiplex nodes is used 

20 by a plurality of multiplex nodes to canry out a multl- 
ftjnction control. That is, a send request for collecting 
simultaneous data as required cannot be produced by 
an arbitrary multiplex node. 

A CSMA/CD transmission system based on a bit- 

25 by-bit contention technique may be constructed in 
such a manner that a subnode sends data to a portion 
of the frame generated by a main node. Nevertheless, 
such a system has a problem of how to synchronize 
a plurality of multiplex nodes and how to cany out an 

30 error checking on the gathered data. 

This invention was contrived in view of the above 
circumstances, and an object thereof is to provide a 
multiplex transmission system capable of collecting 
data simultaneously from a plurality of multiplex 

35 nodes constituting a network, and canying out an ac- 
curate error checking on the collected data, to thereby 
enhance the efficiency of data transmission. 

The above object is achieved by a multiplex trans- 
mission system of this Invention which has a plurality 

40 of multiplex nodes interconnected by a common mul- 
tiplex transmission line fortransmittlng a frame of data 
among the multiplex nodes through the multiplex 
transmission line, wherein a firame transmitted from a 
predetermined one of the multiplex nodes Includes a 

45 data area previously divided into subdivided areas in 
accordance with data fransmltted from the predeter- 
mined multiplex node and transmission data to be 
transmitted from the multiplex nodes in response to a 
send request, the transmission data being transmitted 

50 from the multiplex nodes to respective subdivided 
areas in a predetermined order. 

In the multiplex transmission system of this inven- 
tion, the predetennined multiplex node previously has 
Information about the number of data pieces to be 

55 sent from the multiplex nodes In response to the send 
request and the number of bits of the individual data 
pieces. Therefore, the predetennined multiplex node 
divides the data area of a transmission frame in accor- 
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dance with the data to be received, so that the multi- 
plex nodes which received the send request send 
data to the respective subdivided areas in the prede- 
tennined order, to thereby carry out a data transmis- 
sion. Accordingly, data can be collected simultane- 
ously from the multiplex nodes which are functionally 
subordinate. 

The above and other objects, features, and ad- 
vantages of this invention will become more apparent 
from the ensuing detailed description, which Is given 
by way of example only, taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a diagram showing the arrangement of 
an automobile multiplex transmission system us- 
ing a nondestructive arbitration type CSI\M/CD 
method, according to this invention; 
FIG. 2 is a diagram showing the structure of a 
PWM signal used as a transmission code in the 
multiplex transmission system; 
FIG. 3 is a diagram showing an example of a mes- 
sage format for a data frame; 
FIG. 4 is a diagram showing a message fonmat for 
a data frame according to a first embodiment of 
this invention; 

FIG. 5 is a chart showing the data frame at differ- 
ent stages, for illustrating a transmission proce- 
dure of the multiplex transmission system accord- 
ing to this invention; 

FIG. 6 is a chart showing how data is transmitted 
to the data area in the data frame shown in FIG. 
5; 

FIG. 7 is a diagram showing a message format for 
a data frame according to a second embodiment 
of this invention; 

FIG. 8 is a diagram showing a message format for 
data frame according to a third embodiment of 
this invention; 

FIG. 9 is a chart showing the data frame at differ- 
ent stages, for illusfrating another fransmission 
procedure of the multiplex transmission system in 
which an NRZ code is used as the transmission 
code; 

FIG. 10 is a diagram showing a message format 
for data frame according to a fourth embodiment 

of this invention; 

FIG. 11 is a chart showing the data frame at dif- 
ferent stages, for Illustrating a transmission pro- 
cedure of the multiplex transmission system us- 
ing the NRZ code for the transmission code, ac- 
cording to this invention; 
FIG. 12 is a chart showing the data frame at dif- 
ferent stages, for illustrating a fransmission pro- 
cedure for collecting simultaneous data in the 
multiplex fransmission system according to this 
invention; 

FIG. 13 is a chart showing the data frame at dif- 
ferentstages, for illusfrating another transmission 
procedure for collecting simultaneous data in the 



multiplex transmission system according to this 
invention; and 

FIG. 14 is a chart showing the data frame at dif- 
ferent stages, for illustrating still another trans- 
5 mission procedure for collecting simultaneous 
data in the multiplex transmission system of this 
invention. 

Referring to FIG. 1 , a multiplex transmission sys- 
tem is installed in an automotive vehicle utilizing a 

10 nondestructive arbifration type CSMA/CD access 
system. This multiplex fransmission system compris- 
es a plurality of multiplex nodes including, e.g., an en- 
gine computer 11 for confrolling the fuel injection 
quantity and ignition timing, an anti-look traction com- 

15 puter 12 for confrolling the driving force and the brake, 
a fransmission computer 1 3 for controlling a fransmis- 
ston system, and wheel speed sensors 14 to 17 as- 
sociated respectively with four wheels, i.e., a front- 
right (FR) wheel, a front-left (FL) wheel, a rear-right 

20 (RR) wheel, and a rear-left (RL) wheel; and a multi- 
plex bus 18 formed of, e.g., a shielded twisted pair 
cable. These multiplex nodes 11 to 17 are intercon- 
nected by the multiplex bus 18 to constitute a network. 
In this network, signals representing wheel speeds 

25 etc. are transmitted serially in a multiplex mode. 

Of these multiplex nodes, the wheel speed sen- 
sors 14 to 17 do not have a calculation function or a 
discrimination or detemiination function and are used 
only to carry out a communication with the individual 

30 computers 11 to 13, and therefore, these sensors are 
subnodes subordinate to the computers 11 to 1 3. The 
wheel speed sensors 14 to 17 supply signals repre- 
senting the respective wheel speeds to the computers 
1 1 to 1 3, and this infomiatlon about the wheel speeds 

35 is used for a mulUfrinction confrol involving the en- 
gine, anti-lock brake, fransmission, etc. 

Each of the multiplex nodes 11 to 17 is assigned 
a unique address; for example, the engine computer 
11, anti-lock traction computer 12, and transmission 

40 computer 13 are assigned, respectively, addresses 
"0," "1" and "2," and the wheel speed sensors 14 to 
17forthe FR, FL, RRand RL wheels are assigned ad- 
dresses "3," "4," "5" and "6," respectively. When data 
is properly received, each of the multiplex nodes 11 

45 to 17 returns an ACK signal to a bit area in an ACK 
signal area corresponding to the unique address 
thereof. 

The ACK signal area may be constituted by vari- 
ous fransmission codes. An example is shown in FIG. 
50 2, in which a PWM (pulse-width modulated) signal is 
used to facilitate the return and reception of the ACK 
signal by each multiplex node. 

In the illusfrated PWM signal, one logical bit is div- 
ided Into three bitsegmenis (hereinafter referred to as 
55 "phases"). First and third phases of the PWM signal 
have fixed levels, l.e., they have active and passive 
levels, respectively, and a second phase may have an 
active or passive level. Namely, when the second 
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phase of the PWM signal is active, then it means log- 
ical "0," and when the second phase is passive, it 
means logical"!" 

Accordingly, a sending multiplex node, vi/hich is 
the source of transmission of a data frame, sends to 
the multiplex bus an active signal at the first phase of 
each bit in the ACK signal area. When the data ftame 
is properly received, each of the other receiving mul- 
tiplex nodes detects the leading edge of the first 
phase of the bit assigned thereto, and at the same 
time renders the multiplex bus active and maintains 
the active state up to the second phase, so that the bit 
concerned indicates logical "0." On the other hand, 
when the data is not properly received, each of the re- 
ceiving nodes does not set the multiplex bus active, 
though it detected the leading edge of the first phase 
of the bit assigned thereto, and therefore, the second 
phase becomes passive, which Indicates logical "1." 

It should be noted that the system configuration 
shown in FIG. 1 can be applied to various embodi- 
ments described hereinafter. 

The computers 11 to 13 are operated Indepen- 
dently of one another and Individually transmit a mes- 
sage shown in FIG. 3 to the multiplex bus 18 at re- 
spective desired timing. 

As shown in FIG. 3, the data firame has a mes- 
sage fonmat usually employed In the multiplex trans- 
mission system. Namely, the data frame Includes an 
SOM (start-of-message) Indicating the start of the 
message, a priority (PRI) used for determining a pri- 
ority sequence when a plurality of multiplex nodes si- 
multaneously send data, a message ID representing 
the contents of subsequent data (DATA), a control 
data area (CONT) including data representing the 
data length, data areas (DATA 1 to DATA 4) having a 
length (variable length) specified by the CONT, an er- 
ror check code such as a CRC (cyclic redundancy 
check code), an EOD (end-of-data) indicating the end 
of the data, the aforesaid ACK signal area to which 
ACK signals are returned firom all multiplex nodes on 
a bit-wise basis, and an EOM (end-of-message) indi- 
cating the end of the message. 

Using this message format, a priority control Is 
canried out without the possibility of destroying mes- 
sages. In such a manner that the transmission of a 
message with lower priority is automatically interrupt- 
ed whereas a higher-priority message is continuously 
transmitted. The computers 11 to 13 each have the 
ACK management function explained with reference 
to the prior art system. 

This Invention penmits an efficient data collection 
in such a communication among the multiplex nodes. 
This embodiment will be described on the assumption 
that a message fononat shown in FIG. 4 Is sent from 
the anti-lock traction computer 12 to the multiplex bus 
18. 

The message format for a data frame shown In 
FIG. 4 is almost the same as that shown In FIG. 3, but 



differs therefrom in that the data area is composed of 
a series of logical "1 " bit areas (subdivided areas) pre- 
viously divided corresponding to data to be transmit- 
ted from the multiplex nodes in response to the mes- 

5 sage ID representing a send request. For example, 
the anti-lock traction computer 12 previously recog- 
nizes that it will receive 1-byte data representing the 
wheel speed fix>m each of the four wheel speed sen- 
sors 14 to 17. Accordingly, the anti-look traction com- 

10 puter 1 2 sets the data length of each subdivided area 
to 4 bytes, and at the same time sets the sequence of 
reception of the wheel speed data firom the sensors 1 4 
to 17 to a sequence of FR, FL, RR and RL, which is 
identical with the sequence In which the ACK signals 

15 are returned. 

FIG. 5 illustrates how the wheel speed sensors 1 4 
to 17 send data to the respective subdivided areas of 
the data area in the order set as above. 

Referring to FIG. 5, when the anti-lock traction 

20 computer 12, which is the sending multiplex node, is 
in need of the wheel speed signals to control the driv- 
ing force and the brake, the computer 12 starts to 
send a message, as shown In FIG. 4, to the multiplex 
bus 18, together with an ID indicating a request to 

25 send the wheel speed signals. Subsequently, the anti- 
lock traction computer 12 sends control data to the 
multiplex bus 18. Since the anti-lock traction comput- 
er 12 is expected to be supplied with 1-byte wheel 
speed data from each of the wheel speed sensors 14 

30 to 17, the control data Is 4 bytes in length. 

The wheel speed sensors 14 to 17, which are the 
receiving multiplex nodes, detennine upon receiving 
the message ID that they are requested to send the 
wheel speed signals, and then stend by for the trans- 

35 mission for the required data. 

In this case, the transmission codes in the data 
area shown in FIG. 4 each comprise a PWM (pulse- 
width modulated) signal as shown In FIG. 2, like the 
transmission codes in the ACK signal area. Accord- 

40 ingly, in this data area, the anti-lock traction computer 
12, which is the source of data frame transmission, 
successively sends active signals (representing logi- 
cal "I'O, of which the first phase of each bit is active, 
to the multiplex bus 18, as shown In FIG. 6. Each of 

45 the wheel speed sensors 14 to 17, which are the re- 
ceiving multiplex nodes, detects the leading edge of 
the first phase of the respective subdivided area in the 
transmitted data frame, and sends data at least in the 
second phase in a manner timed with the active first 

50 phase. Thus, the synchronization of the Individual 
multiplex nodes can be easily achieved. 

Subsequently, the anti-lock fraction computer 12 
generates a CRC code on the basis of the fransmltted 
data and transmits It In each of the PRI, ID, CONT, the 

55 subdivided area in which transmisston data thereof is 
Inserted, and the error check code. Further, the anti- 
lock traction computer 12 generates a CRC code on 
the basis of data to be received in each of the subdi- 
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vided areas assigned to the other multiplex nodes, 
and sends the thus-generated CRC codes to the mul- 
tiplex bus 18. 

On the other hand, each of the wheel speed sen- 
sors 14 to 17 generates a CRC code on the basis of 
the received data including the PI, ID, CONT, the sub- 
divided areas assigned to the other multiplex nodes, 
and the error check code. Further, each wheel speed 
sensor generates a CRC code on the basis of the data 
transmitted to the subdivided area assigned thereto. 
The wheel speed sensors 14 to 17 individually com- 
pare the generated CRC codes with the received CRC 
codes, and when they coincide, determine that the 
data transmission was carried out properly. In this 
case, the wheel speed sensors return ACK signals 
thereof, and the data transmission is ended. If, in any 
of the wheel speed sensors 14 to 17, the generated 
CRC codes do not coincide with the received CRC 
codes, such a wheel speed sensor determines that 
the-data transmission was erroneously canied out, 
and therefore, does not return the ACK signal and 
waits for a retransmission of the frame. 

When ACK signals are returned from all multiplex 
nodes, i.e., the wheel speed sensors 14 to 17, the 
anti-lock traction computer 12 determines that the 
data transmission was property carried out, and ends 
the data transmission. The anti-lock traction computer 
12 then controls the driving force and the brake In ac- 
cordance with the received data. If any of the multiplex 
nodes fails to return the ACK signal, the anti-lock trac- 
tion computer 12 determines that the data transmis- 
sion was improperly carried out, and refransmits the 
frame. 

As described above, in the multiplex transmission 
system of this invention, the data area of a firame to 
be transmitted Is previously divided Into a predeter- 
mined number of subdivided bit areas in accordance 
with data to be transmitted from a main multiplex node 
(sending multiplex node) and data to be transmitted 
firom subordinate multiplex nodes (receiving multiplex 
nodes) which transmit data in response to a send re- 
quest. Data is sent to these subdivided areas from the 
multiplex nodes in a predetermined order. According- 
ly, the multiplex transmission system of this Invention 
can simultaneously colled data from a plurality of mul- 
tiplex nodes In a network. Further, in the multiplex 
transmission system of this Invention, subordinate 
multiplex nodes each carry out an en-or checking, us- 
ing the CRC code generated thereby on the basis of 
the data to be transmitted therefrom, the CRC codes 
generated thereby on the basis of the received data, 
the CRC code generated by the main multiplex node 
on the basis of the data transmitted therefirom, and the 
CRC codes generated by the main multiplex node on 
the basis of the reception data. Accordingly, the mul- 
tiplex transmission system of this Invention can cany 
out an accurate enror checking. The simultaneous 
data collection and accurate error checking enable a 



further improvement in the efficiency of the data trans- 
mission. 

This invention is not limited to the above- 
described embodiment, and various modifications are 

5 possible. For example, the main-subordinate relation- 
ship may be established between the engine comput- 
er 11 or transmission computer 13 and the wheel 
speed sensors 13 to 17 for the data transmission. 
Furthermore, this invention can be applied to a 

10 multiplex transmission system In which the node ad- 
dresses are coded by a specific multiplex node, the 
ACK signal area is divided in accordance with the cod- 
ed addresses, and when a message is properly re- 
ceived, the multiplex nodes return ACK signals to re- 
is spective areas in the ACK signal area specified by the 
coded addresses. 

Further, this Invention can be applied to a nega- 
tive acknowledge system in which a predetennined 
signal. Instead of the ACK signals. Is transmitted 

20 when an erroneous data reception occun-ed due to, 
e.g., a reception en-or In any one of the connected 
nodes. For example, a CRC code generated by one 
of the receiving multiplex nodes. I.e., the wheel speed 
sensors 14 to 17, may not coincide with the CRC code 

25 transmitted from the anti-lock traction computer 12 
which Is the sending multiplex node. In such a case, 
the receiving multiplex node concerned sends a neg- 
ative acknowledge signal (NAK signal), which is a 
special code longer in time than the EDO code and 

30 shorter than the EDM code (see the message format 
for data frame shown in FIG. 7), to the multiplex bus 
18 after the en-or checking, to thereby request the 
sending multiplex node to retransmit the frame. Thus, 
In the multiplex transmission system of this invention, 

35 Uie sending multiplex node can readily determine 
whether or not a fiame retransmission is required, on 
the basis of the presence or absence of the NAK sig- 
nal. 

FIG. 8 shows a message fomriat for data frame 

40 used forthe negative acknowledge system, according 
to a third embodiment of this invention. Usually, the 
NAK signal is a priority code which is transmitted pref- 
erentially over any other codes even In the case of a 
collision occurring on the multiplex bus. Therefore, If 

45 a receiving multiplex node detects a wavefonn not 
confomiing to ttie logical "0" or "1" during the data re- 
ception, for example, it sends a NAK signal to the mul- 
tiplex bus even when the sending multiplex node is 
transmitting data. In such a case, the NAK signal col- 

50 lides witti the data being h-ansmiH:ed via the multiplex 
bus, but the NAK signal is predominant on the multi- 
plex bus. Acconjingly, the sending multiplex node de- 
tecls the NAK signal, which is the priority code, and 
flius intemjpts the ongoing transmission and starts a 

ss retransmission of Uie frame. In this multiplex trans- 
mission system, nonnal data ta^nsmlsslon can be 
readily recovered by using tiie priority code, i.e., the 
NAK signal. 
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This invention is not limited to the foregoing em- 
bodiments, and can be applied to an NRZ (nonretum- 
to-zero) system using an NRZ code, instead of the 
PWM code, for the transmission code in the message. 

In the case of a coding scheme using the NRZ 
code, a stuffing bit rule in which a 1-bit inverted code 
Is inserted when a plurality of preceding codes (e.g., 
5 bits) are identical Is employed to achieve synchron- 
ization. Therefore, if in any of the subdivided areas of 
the data area, the stuffing bit rule is violated (e.g., 8- 
bit subdivided area in the case of a 5-bit stuffing rule) 
and if a subnode becomes defective, a stuffing bit er- 
ror occurs because no signal is delivered from this 
node to the subdivided area assigned thereto, thus 
arising a problem in that data from the other nomially 
operating nodes cannot be received. 

Therefore, according to this invention, the send- 
ing multiplex node previously divides the data area of 
a transmission frame into a plurality of subdivided 
areas each having a number of bits smaller than that 
provided by the stuffing bit rule (e.g., 4 bits for the 5- 
bit stuffing rule), in accordance with the data to be 
transmitted therefrom and data to be supplied thereto 
from the individual multiplex nodes In response to the 
send request, as shown In FIG. 9. The signal which is 
delivered from the sending multiplex node for dividing 
the data area is selected such that it does not cause 
a stuffing bit error, regardless of what value the data 
inserted into the subdivided areas has (for a 4-bit sub- 
divided area, 1 -bit passive + 1-bit dominant signal, for 
example). Upon receiving the transmission frame, 
each receiving node divides data and sends same to 
the subdivided areas preassigned thereto in syn- 
chronism with the signal dividing the data area. 

In tile multiplex transmission system of this inven- 
tion, synchronization is achieved by deih/ering the sig- 
nals to divide the data area, without violating the stuff- 
ing bit rule, and accordingly, the insertion of data into 
the data area Is made easy. 

Next, a message forniat for a data frame accord- 
ing to another embodiment, which is used when the 
NFC code is used for the transmission code will be de- 
scribed. In this case, the NRZ system employs a 5- bit 
stuffing rule, and in the data area the synchronous 
mode is switched from the stuffing mode to a start- 
stop mode in which the stuffing rule is not violated, to 
achieve synchronization. Specifically, as shown in 
FIG. 10, 8 bits in the data area, for example, are div- 
ided into two parts, 4 bits each, and the sending mul- 
tiplex node transmits a 1-blt dominant signal following 
passive 5 bits. 

A transmission procedure of this embodiment will 
be described. 

When the wheel speed signals are needed fbr 
some control operation, the anti-iocl( traction comput- 
er 12, which is the sending multiplex node, starts to 
transmit a message as shown in FIG. 10, with an ID 
requesting the transmission of the wheel speed sig- 



nals, to the multiplex bus 18. 

Upon receiving this message ID, the four wheel 
speed sensors 14 to 17, which are the receiving mul- 
tiplex nodes, detennine that the transmission of the 

5 wheel speed signals is required, and thus start the 
preparation of the required data for transmission. 

Further, the anti-lode traction computer 12 sends 
the control data to the multiplex bus 18. The sending 
node previously recognizes that a wheel speed signal 

10 consisting of 1-byte data is to be supplied from each 
of the four nodes, and therefore, the data length Is 
specified as 4 bytes. 

if the order of data transmission from the wheel 
speed sensors is previously determined as the FR 

15 wheel speed sensor 14, FL wheel speed sensor 15, 
RR wheel speed sensor 1 6 and RL wheel speed sen- 
sor 17, the anti-lock traction computer 12 is supplied 
with data successively (irom these wheel sensors in 
this order. 

20 In this case, since the anti-lock traction computer 
1 2 sends a 1 -bit dominant signal subsequent to each 
5-bit passive area, those nodes which are requested 
to send data (in the illustrated case, the wheel speed 
sensors 14 to 17) each detect the data area from the 

25 leading edge of the con-esponding predetermined 
dominant signal for synchronization, send data to the 
firstfour bits In the subsequent 5-bit passive area, and 
then send the remaining 4-bit data to the 5-blt passive 
area following the next 1-bit dominant signal. Follow- 

30 ing the subsequent 1 -bit dominant signal transmitted 
from the anti-traction computer 12, the next wheel 
speed sensor sends data in a similar manner, where- 
by data Is suGcessiveiy collected. 

Accordingly, each recehring multiplex node can 

35 be synchronized with the rise of the predetemiined 
dominant signal, to fransmlt local data therefrom In 
two sessions, 4 bits each, to the multiplex bus 18. If 
one of the receiving multiplex nodes, e.g., the FR 
wheel speed sensor 14, becomes defective, no data 

40 is transmitted from this FR wheel speed sensor 14 to 
the area DATA 1 in FIG. 11, but since the anti-lock 
traction computer 12 sends a 1-bit dominant signal af- 
ter each 5-bit passive area, a stuffing bit error does 
not occur and the transmission of subsequent data 

45 can be carried out. Trouble of the individual receiving 
multiplex nodes can be detenmined on the basis of the 
absence of the conresponding ACK bits. 

In this embodiment, the sending multiplex node 
fransmlts a 5-blt passive signal plus a 1-blt dominant 

so signal In the data area, but the numbers of bits of the 
passive and dominant signals are not limited to these 
numbers and may be set to different values as far as 
the stuffing bit rule is observed. 

Further, in the foregoing embodiments, only the 

ES transmission procedure for the multiplex transmission 
system is described. In the case wherein the multiplex 
fransmlssion system of this invention is in practice 
used for the control of the driving force etc. of an au- 



6 



11 



EP0 511 744 A2 



12 



tomobile, the control precision must be enlianced. To 
meet tliis requirement, sampling times for data col- 
lected from various sensors and the like by an SDG 
(Simultaneous Data Gathering) method also must be 
synchronized. The most preferred method for achiev- 
ing such a synchronization may be such that each 
node detects the send request upon receiving an SDG 
message ID in a frame, samples the required data 
from the sensor or the like, and sends the sampled 
data to the data area of the same frame. 

in this method, however, processes from the start 
of sampling to the transmission of the sampled data 
must be completed within a narrow span in one frame, 
e.g., within the CONT area in the frame shown in FIG. 
10. Therefore, this method has a drawback in that it 
can be applied only to a system configuration in which 
both sampling of transmission data and communica- 
tion control can be implemented by the hardware of 
each node and the data sampling can be carried out 
at a very high speed. 

In view of the above, this invention provides a 
multiplex transmission system in which a dummy data 
area having a predetermined length is provided be- 
tween the CONT and data area in a transmission 
frame, to permit the data sampling and the writing of 
the sampled data to be carried out while the CONT 
and the dummy data area are being transmitted, as 
shown in the transmission procedure of FIG. 12. In the 
multiplex node of an actual system, the sampling of 
the required data is carried out by a control circuit, and 
the communication control is executed by a commu- 
nication control circuit comprising an integrated circuit 
or the like. The message format for data lirame shown 
in FIG. 12 is similar to that shown In FIG. 4 or FIG. 1 0, 
and message formats shown in FIGS. 13 and 14, de- 
scribed tiereinafter, are also similar to the message 
fomiat of FIG. 4 or FIG. 10. 

Referring to FIG. 12, In each of the receiving 
nodes (In the illustrated case, the FR, FL, RR and RL 
wheel speed sensors 14, 15, 16 and 17), the commu- 
nication control circuit receives the SDG message ID 
in a message transmitted from the sending multiplex 
node (the anti-lock traction computer 12), and the 
control circuit detects the send request lirom the mes- 
sage ID. 

Upon detecting the send request, the control cir- 
cuit of each of the above multiplex nodes samples the 
required data from a load (sensor) connected thereto, 
through an analog-to-digltal converter, a pulse count- 
ing circuit, etc. The control circuit writes the sampled 
data Into a predetermined register or the like in the 
communication control circuit. The sampling and writ- 
ing of the data Is carried out by the control circuit dur- 
ing a time in which the CONT and the dummy data 
area having the predetermined length are transmitted. 
The dummy data area may contain any data from 
which each multiplex node can determine that the 
data concerned Is dummy, and the length thereof may 



be set to a suitable length in accordance with the time 
required for the confrol circuit to sample and write 
data. 

Upon receiving the dummy data, each communi- 

5 cation control circuit successively sends the data, 
which Is written into the register, to the predetemilned 
data area in the transmission frame. 

Accordingly, in this embodiment, since the dum- 
my data area pemiltting data sampling Is provided in 

10 the fransmission frame, the simultaneity of the times 
for sampling data at the multiplex nodes can be en- 
sured where data must be collected simultaneously. 

The data sampling for controlling the driving force 
etc. of an automobile is usually canried out at prede- 

16 termlned intervals of time. For such an application, 
this invention provides a multiplex transmission sys- 
tem in which the sampling and writing of data is car- 
ried outafterthe frame requesting a data transmission 
is received and before a subsequent frame is trans- 

20 mitted to the multiplex bus 1 8, as shown in the trans- 
mission procedure of FIG. 13. The data which is writ- 
ten into the register is fransmitted to the frame re- 
questing a data transmission to be transmitted at the 
next intervals of time. 

25 In FIG. 13, upon receiving the SDG message ID 
of a frame transmitted from the sending multiplex 
node, the communication control circuit of each of the 
multiplex nodes 14 to 17 successively transmit the 
data stored in the register (in the illustrated embodl- 

30 ment, DATA 11, DATA 21, DATA 31 andDATA41)to 
the data area in this frame. The communication con- 
trol circuit then detects the end of the reception of the 
frame (EOM), and supplies data representing the end 
of reception of the frame to the control circuit. 

36 On reoeh^ing this data, the control circuit samples 
the required data to be fransmitted In the subsequent 
transmission frame. The control circuit writes the 
sampled data into the predetennined register of the 
communication control circuit before the transmission 

40 of the suljsequent frame begins. This data is sent to 
the data area of the subsequent frame by the commu- 
nication control circuit when the SDG message ID In 
the frame is received. 

Thus, in this embodiment, since the data to be 

45 transmitted in the subsequent frame is sampled after 
the end of the reception of the preceding frame, data 
having simultaneity can be easily collected by means 
of frames transmitted at relatively short intervals, 
in the above transmission method, if the frames 

50 are fransmitted at relatively long intervals, the time 
period from the data sampling to the fransmission of 
the sampled data is prolonged, and thus the sampled 
data may become so ouMated that a delay of the con- 
trol action can be caused. According to this invention, 

55 this drawback is eliminated by limiting the time period 
between the reception of the request in the SDG mes- 
sage ID and the start of the data sampling, as shown 
In the fransmission procedure of FIG. 14. Namely, in 
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the case wherein frames are transmitted at relatively 
long intervals or at random times, the sampling and 
writing of data to be transmitted in the subsequent 
transmission frame is carried out during the preset 
time period. 5 

In FIG. 14, the sending multiplex node, which re- 
quests a data transmission, sends start command 
data for starting the data sampling, before transmit- 
ting the frame concerned, and after the lapse of a time 
T, sends the transmission frame to the multiplex bus 10 
1 8. In this embodiment, the start command data is the 
message ID of a frame preceding the above transmis- 
sion frame. 

Upon receiving the SDG message ID in the frame 
transmitted from the sending multiplex node, the com- is 
munlcation control circuit of each of the multiplex 
nodes 14 to 17 successively sends the data stored In 
the register, not shown, to the data area In the frame. 
Further, the communication control circuit supplies 
data indicating the reception of the message ID to the 20 
control circuit upon lapse of a predetermined time taf- 
ter the reception of the message ID. The predeter- 
mined time t lasts beyond the time at which the recep- 
tion of the transmission frame is ended, and is shorter 
than the aforementioned time T. 25 

Upon receiving the data Indicating the reception 
of the message ID, the confrol circuit samples data to 
be transmitted to the subsequent frame, and then 
writes the sampled data Into a predetemiined register 
in the communication control circuit before the subse- 30 
quent frame is transmitted. When the message ID of 
the subsequent frame is received, the communication 
control circuit sends the stored data to the data area 
in that frame. 

In this embodiment, the start command data Is 35 
transmitted firom the sending multiplex node, but this 
invention Is notlimlted to such a configuration. For ex- 
. ample, the start command data may be sent from an- 
other multiplex node, and In this case, the start com- 
mand data having a frame fonnat must be sent when 40 
the multiplex bus 18 is in an Idle state. 

In this embodiment, since data to be transmitted 
in response to the subsequent send request Is sam- 
pled upon lapse of the predetemiined time aflerthe re- 
ception of the start command data, simultaneous data 45 
can be collected by means of frames which are trans- 
mitted at relatively long Intervals, and the delay of con- 
trol action can be eliminated. 



Claims 

1. A multiplex transmission system having a plural- 
ity of multiplex nodes (11-17) Interconnected by 
a common multiplex fransmlsslon line (18) for 55 
transmitting a firame of data among the multiplex 
nodes through the multiplex transmission line 
(18). 



characterized in that a frame transmitted 
from a predetemiined one (12) of the multiplex 
nodes includes a data area previously divided 
into subdivided areas in accordance with data 
fransmitted ftom the predetermined multiplex 
node (1 2) and transmission data to be transmitted 
from the multiplex nodes (1 4-1 7) in response to a 
send request, the transmission data being trans- 
mitted from the multiplex nodes (14-17) to re- 
spective subdivided areas in a predetermined or- 
der. 

2. A multiplex transmission system according to 
claim 1 , characterized in that the data area of the 
frame transmitted from the predetemiined multi- 
plex node (12) is divided into a first subdivided 
area to which data is transmitted therefrom, and 
second subdivided areas to which data Is trans- 
mitted respectively from those multiplex nodes 
(14-17) that send data in response to the send re- 
quest; when transmitting a frame, the predeter- 
mined multiplex node (12) generates collation 
data In the firet subdivided area In accordance 
with the data transmitted therefrom, and gener- 
ates collation data In the second subdivided 
areas in accordance with reception data to be re- 
ceived from the multiplex nodes (14-17); said 
multiplex nodes (14-17) each generate collation 
data in a local data insertion area of the second 
subdivided areas to which data is fransmitted 
therefrom, in accordance with the transmission 
data thereof, generates collation data in the first 
subdivided area and areas of the second subdi- 
vided areas other than the local data Insertion 
area, In accordance with data transmitted from 
the individual multiplex nodes (14-17), compares 
the collation data generated thereby with the col- 
lation data received from the predetemiined mul- 
tiplex node (12), and detemilnes whether or not 
data was transmitted properly, based on a result 
of the comparison. 

3. A multiplex transmission system according to 
claim 1 or 2, characterized in that the frame trans- 
mitted from the predetermined multiplex node 
(12) includes an identifier representing the send 
request, and specifies multiplex nodes (14-17) 
from which data is to be transmitted in response 
to the send request. 

4. A multiplex fransmission system according to any 
one of claims 1 to 3, characterized in that the 
frame Includes an acknowledge signal area, the 
multiplex nodes (14-17) each returning an ac- 
knowledge signal to the acknowledge signal area 
in a predetermined order when data is property re- 
ceived, and the predetermined multiplex node 
(12) determining whether or not data fransmis- 
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sion was properly carried out, in accordance with 
thie returned acl<nowledge signals. 

5. A multiplex transmission system according to any 

one of claims 1 to 3, characterized in that the mul- s 
tiplex nodes (14-17) each return an acknowledge 
signal when data is not properly received, the pre- 
determined multiplex node (12) detenfnining 
whether or not data transmission was properly 
carried out, in accordance with a presence/ab- io 
sence of the returned acloiowiedge signals. 

6. A multiplex transmission system according to any 
one of claims 1 to 5, characterized in that a trans- 
mission code of a frame transmitted through the 15 
multiplex transmission line (1 8) has one logical bit 
thereof divided into at least three subdivided log- 
ical bits, first and third subdivided logical bits be- 
ing set to a predetennined first signal level and a 
predetermined second signal level, respectively, 20 
a second subdivided logical bit being set to one 

of the predetennined first and second signal lev- 
els to thereby Indicate one of logical "1" and "0", 
and the multiplex nodes (14-17) each transmitting 
data In response to the first signal level of thefirst 25 
subdivided logical bit 

7. A multiplex transmission system according to any 
one of claims 1 to 5, characterized in that the pre- 
determined multiplex node (12) previously div- so 
ides the data area of a frame to be transmitted into 
subdivided areas having a number of bits smaller 
than that detennined by a stuffing bit rule, by us- 
ing a signal that does not cause a violation of the 
stuffing bit^mile and in accordance with the data 35 
transmitted thereiirom and data to be supplied 
firom each of the multiplex nodes (14-17) in re- 
sponse to the send request, to cause each of the 
multiplex nodes (14-17) to transmit the data to a 
predetennined area of the data area in synchron- 40 
ism with the corresponding signal. 

8. A multiplex transmission system according to any 
one of claims 1 to 7, characterized in that the 
fi^me includes an identifier preceding the data 45 
area and identifying data to be transmitted in re- 
sponse to the send request, and each of multiplex 
nodes (14-17) which have data specified by the 
identifier samples data to be transmitted to the 
data area when supplied at least with the identifi- so 
er. 

9. A multiplex transmission system according to any 
one of claims 1 to 8, characterized in that firames 

are transmitted through the multiplex transmis- 55 
sion line (18) at predetermined Intervals of time, 
and each of multiplex nodes (14-17) which are to 
transmit data in response to the send request 



samples data to be transmitted to the data area 
of a subsequent frame when supplied with a pre- 
ceding frame. 

10. A multiplex transmission system according to any 
one of claims 1 to 7, characterized in that one of 
the multiplex nodes (12, 14-17) sends a sampling 
start frame before a frame is transmitted, and 
each of multiplex nodes (14-17) which are to 
transmit data In response to the send request 
samples data to be transmitted to the data area 
of a subsequent frame, in accordance with the re- 
ceived sampling start frame. 
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